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Abstract

Background: The purpose of this systematic review was to examine the relationships between sedentary behaviour
(SB) and health indicators in children aged 0 to 4 years, and to determine what doses of SB (i.e., duration, patterns
[frequency, interruptions], and type) were associated with health indicators.

Methods: Online databases were searched for peer-reviewed studies that met the a priori inclusion criteria:
population (apparently healthy, 1 month to 4.99 years), intervention/exposure and comparator (durations, patterns,
and types of SB), and outcome/health indicator (critical: adiposity, motor development, psychosocial health,
cognitive development; important: bone and skeletal health, cardiometabolic health, fitness, risks/harm). The quality
of the evidence was assessed by study design and outcome using the Grading of Recommendations Assessment,
Development and Evaluation (GRADE) framework.

Results: Due to heterogeneity, meta-analyses were not possible; instead, narrative syntheses were conducted,
structured around the health indicator and type of SB. A total of 96 studies were included (195,430 participants
from 33 countries). Study designs were: randomized controlled trial (n = 1), case-control (n = 3), longitudinal (n = 25),
longitudinal with additional cross-sectional analyses (n = 5), and cross-sectional (n = 62). Evidence quality ranged
from “very low” to “moderate”. Associations between objectively measured total sedentary time and indicators of
adiposity and motor development were predominantly null. Associations between screen time and indicators of
adiposity, motor or cognitive development, and psychosocial health were primarily unfavourable or null.
Associations between reading/storytelling and indicators of cognitive development were favourable or null.
Associations between time spent seated (e.g., in car seats or strollers) or in the supine position, and indicators of
adiposity and motor development, were primarily unfavourable or null. Data were scarce for other outcomes.

Conclusions: These findings continue to support the importance of minimizing screen time for disease prevention
and health promotion in the early years, but also highlight the potential cognitive benefits of interactive non-
screen-based sedentary behaviours such as reading and storytelling. Additional high-quality research using valid
and reliable measures is needed to more definitively establish the relationships between durations, patterns, and
types of SB and health indicators, and to provide insight into the appropriate dose of SB for optimal health in the
early years.
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Background
Sedentary behaviour is defined as any waking behaviour
with an energy expenditure of ≤

http://www.crd.york.ac.uk/PROSPERO/display_record.asp?ID=CRD42016035270
http://www.crd.york.ac.uk/PROSPERO/display_record.asp?ID=CRD42016035270


Population
The population of interest was apparently healthy chil-
dren (i.e., general populations, including those with over-
weight and obesity; samples of clinical populations were
ineligible) with a mean age of 1 month to 4.99 years (or,
if no mean age was reported, samples described as:
infants, toddlers, preschoolers, pre-elementary or pre-
primary school age) for at least one sedentary behaviour
measurement point. Subgroups were defined as follows:
infants, 1 month to 1 year; toddlers, 1.1 to 3.0 years; and
preschoolers, 3.1 to 4.99 years.

Intervention (exposure)
The intervention/exposure was a specific measure of seden-
tary behaviour (e.g., TV viewing, video gaming, iPad/tablet/
touch-screen, smart phone, reading, puzzles, bouts, breaks,
sedentary time, and “screen time” – defined as composite
measures of screen use) obtained via objective (e.g., accel-
erometry) or subjective (e.g., proxy-report) methods. For
infants, sedentary behaviour was operationally defined as
any waking behaviour characterized by low energy expend-
iture (i.e., non-purposefully active) while restrained (e.g., in
a stroller/pram, high chair, car seat/capsule), or when sedate
(e.g., lying/sitting in a chair with little movement but not re-
strained). Time spent in the prone position (“tummy time”)
was not considered sedentary behaviour because this is
deemed “physical activity”



publications. Updates to all search strategies, limited to
randomized controlled trials for logistical reasons, were
performed on November 1, 2016, to capture any
additional studies that had been published in the interim
between the initial searches and the data synthesis. The
search strategies are presented in Additional file 1. Trial
registries were also searched (https://clinicaltrials.gov/
and http://www.who.int/ictrp/en/; October 11, 2016) for
ongoing clinical trials, using search terms for the seden-
tary behaviour concept and age group of interest. The
International Journal of Child-Computer Interaction was
hand-searched, because this journal was not yet indexed
in any of these databases.

Bibliographic records were extracted as text files from the
Ovid, EBSCOHost, and Gale interfaces and imported into
Reference Manager Software (Version 11; Thompson
Reuters, San Francisco, CA, USA), where duplicate records
were removed. Titles and abstracts of the remaining
records were uploaded to DistillerSR (Evidence Partners,
Ottawa, ON, Canada), a secure internet-based software,
where they were screened against inclusion criteria inde-
pendently by two reviewers. Exclusion by both reviewers
was required for a study to be excluded at the title and
abstract stage; all other studies passed to full-text article
screening. Two independent reviewers examined all full-
text articles, and consensus was required for article inclu-
sion in the review. Discrepancies between reviewers were

https://clinicaltrials.gov
http://www.who.int/ictrp/en


methodological characteristics. If meta-analyses were not



was the same “dose”





Ta
b

le
1

Th
e

re
la

tio
ns

hi
p

be
tw

ee
n

se
de

nt
ar

y
be

ha
vi

ou
r

an
d

ad
ip

os
ity

(C
on

tin
ue

d)
N

o.
of

pa
rt

ic
ip

an
ts

(N
o.

of
st

ud
ie

s)





Ta
b

le
3

Th
e

re
la

tio
ns

hi
p

be
tw

ee
n

se
de

nt
ar

y
be

ha
vi

ou
r

an
d

ps
yc

ho
so

ci
al

he
al

th
N

o.
of

pa
rt

ic
ip

an
ts

(N
o.

of
st

ud
ie

s)
D

es
ig

n
Q

ua
lit

y
as

se
ss

m
en

t
A

bs
ol

ut
e

ef
fe

ct
Q

ua
lit

y

Ri
sk

of
bi

as
In

co
ns

is
te

nc
y

In
di

re
ct

ne
ss

Im
pr

ec
is

io
n

O
th

er

Th
e

ra
ng

e
of

m
ea

n
ag

es
at

tim
e

of
ex

po
su

re
m

ea
su

re
m

en
t

w
as

~
1

to
4.

3
ye

ar
s;

th
e

ol
de

st
m

ea
n

ag
e

at
fo

llo
w

-u
p

w
as

~
12

ye
ar

s.
D

at
a

w
er

e
co

lle
ct

ed
by

ra
nd

om
iz

ed
tr

ia
l,

cr
os

s-
se

ct
io

na
lly

,a
nd

up
to

9.
5

ye
ar

s
of

fo
llo

w
-u

p.
Ps

yc
ho

so
ci

al
he

al
th

m
ea

su
re

s
w

er
e:

ag
gr

es
si

on
to

w
ar

d
a

si
bl

in
g

(a
ss

es
se

d
by

th
e

A
gg

re
ss

iv
e

Si
bl

in
g

So
ci

al
Be

ha
vi

or
Sc

al
e)

;a
gg

re
ss

iv
e

be
ha

vi
ou

rs
/a

gg
re

ss
io

n,
de

lin
qu

en
t

be
ha

vi
ou

rs
,t

ot
al

be
ha

vi
ou

r
pr

ob
le

m
s,

ex
te

rn
al

iz
in

g
pr

ob
le

m
s,

in
te

rn
al

iz
in

g
pr

ob
le

m
s,

em
ot

io
na

lr
ea

ct
iv

ity
,a

nx
io

us
or

de
pr

es
se

d
sy

m
pt

om
s,

an
d

at
te

nt
io

n
pr

ob
le

m
s

(a
ss

es
se

d
by

th
e

C
BC

L
or

Ja
pa

ne
se

C
BC

L)
;a

tt
en

tio
na

lp
ro

bl
em

s
(a

ss
es

se
d

by
th

e
hy

pe
ra

ct
iv

ity
su

bs
ca

le
of

th
e

BP
I);

at
te

nt
io

n
pr

ob
le

m
s

an
d

hy
pe

ra
ct

iv
ity

(a
ss

es
se

d
by

th
e

BA
SC

-2
);

bu
lly

in
g

(a
ss

es
se

d
by

un
pu

bl
ish

ed
qu

es
tio

nn
ai

re
);

co
-o

pe
ra

tio
n,

as
se

rt
io

n,
re

sp
on

sib
ili

ty
,s

el
f-c

on
tr

ol
,a

nd
to

ta
ls

oc
ia

ls
ki

lls
(a

ss
es

se
d

by
th

e
So

ci
al

Sk
ill

s
Ra

tin
g

Sy
st

em
);

em
ot

io
na

ls
ym

pt
om

s/
pr

ob
le

m
s,

co
nd

uc
t

pr
ob

le
m

s,
hy

pe
ra

ct
iv

ity
-











Table 8 High-level summary of findings by health indicator
Health indicator Number of studies Quality of evidence Summary of findings: Number of studies reporting unfavourable/null/favourable

associations with at least one health indicator measure by SB typea

Critical

Adiposity 60 Very low to moderate Objectively measured sedentary time:

Sedentary time in 30-min bouts (accelerometer-derived): null (1)

Total sedentary time (accelerometer-derived): unfavourable (1), null (12)

Screen-based sedentary behaviours:

Computer (duration, frequency): unfavourable (1), null (6)

Internet (duration): null (1)

Total screen time (duration): unfavourable (9), null (14)

TV time (duration): unfavourable (20), null (24), favourable (2)

Video games (duration): unfavourable (1)

Other screens (DVDs/videos; duration): unfavourable (1), null (1)

Other sedentary behaviours:

Reading (duration): null (1)

Sitting (baby seats, car, sedentary quiet play; duration): unfavourable (2),
null (4), favourable (1)

Motor development 7 Very low Objectively measured sedentary time:

Sedentary time in 30-min bouts (accelerometer-derived): null (1)

Total sedentary time (accelerometer-derived): unfavourable (1), null (2)

Screen-based sedentary behaviours:

TV time (duration): unfavourable (2), null (3)

Other sedentary behaviours:

Sitting (baby carrier/sling, car seat, high chair/other chair, playpen, stroller;
duration): null (1), favourable (1)

Supine position (duration): unfavourable (1), null (1)

Psychosocial health 15 Very low to moderate Objectively measured sedentary time:

Total sedentary time (accelerometer-derived): null (1)

Screen-based sedentary behaviours:

Computer (duration): unfavourable (1), null (1)

Total screen time (duration): unfavourable (1)

TV time (duration): unfavourable (9), null (11), favourable (2)

Cognitive development 25 Very low Objectively measured sedentary time:

Total sedentary time (accelerometer-derived): null (1)

Screen-based sedentary behaviours:

Computer (yes, no): null (1)

Mobile phone use (yes, no): unfavourable (1)

Total screen time (duration): unfavourable (1)

TV time (duration): unfavourable (11), null (10), favourable (1)

Video games (duration): null (1)

Other screens (total or electronic media exposure; duration):
unfavourable (2), null (1)
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designs were: longitudinal (n = 3) [88, 91, 92], and cross-
sectional (n = 4) [37, 40, 93, 94]. Indicators of motor
development were measured objectively (e.g., visual-motor
abilities measured using the Wide-Range Assessment of
Visual Motor Ability) or assessed subjectively by parent-
report (e.g., age at first sitting; see Table 2 for summary of
measures). The quality of evidence was “very low” across
study designs (Table 2).

Among the three longitudinal studies, sedentary
behaviour was assessed from age 3.9 months to 2.4 years as
screen-based (i.e., TV time) or other sedentary behaviours



The Author(s) BMC Public Health 2017,
symptoms of anxiety and depression) were assessed sub-
jectively by parent-, teacher-, or self-report using ques-
tionnaires (see Table 3 for summary of measures). The
quality of evidence ranged from “very low” to “moderate”
across study designs (Table 3).

In the randomized controlled trial of an intervention
to reduce screen time, preschoolers’ screen time was sig-
nificantly lower in the intervention versus control group
at 2, 6, and 9 months post-intervention [34]. Aggressive
and delinquent behaviours were not significantly differ-
ent between the intervention and control groups at base-
line, but were significantly lower in the intervention
versus control group at 9-months post-intervention [34]
(Additional file 2: Table S3).

Among the nine longitudinal studies, screen-based
sedentary behaviour (i.e., time e-gaming or on a com-
puter, or TV time) was assessed from age ~1.5 to 5 years.
Psychosocial health indicators were assessed after ~1 to
9.5 years of follow-up.

Time spent e-gaming or on a computer (on weekdays
or weekend days) at age 4.3 years was not associated
with being at risk for the following at age 6.3 years: peer
problems, self-esteem problems, social well-being prob-
lems, social functioning problems, or family functioning
problems [96]. Time spent e-gaming or on a computer
on weekdays (but not weekend days) at age 4.3 years
was unfavourably associated with being at risk for emo-
tional problems at age 6.3 years in girls but not boys
[96] (Additional file 2: Table S3).

The relationships between TV time among toddlers/
preschoolers and psychosocial health indicators at
follow-up were examined in nine longitudinal studies;
unfavourable associations were reported in 2/9 studies
[95, 103], null associations in 1/9 studies [100], mixed
unfavourable and null associations in 5/9 studies [90, 92,
96, 97, 99], and mixed null and favourable associations
in 1/9 studies [102] (Additional file 2: Table S3). Specif-
ically, TV time was prospectively unfavourably associ-
ated with the following psychosocial health indicators:
victimization [90, 95], victimization by classmates [92],
being a victim of bullying [97], being a bully [103], exter-
nalizing problems [99], and being at risk for family func-
tioning problems [96] (Additional file 2: Table S3). Null
associations were reported between TV time and emo-
tional symptoms [100]; conduct problems [100]; peer-
problems [100]; prosocial behaviour [92, 100];
externalizing problems [99, 102]; anxiety or depressive
symptoms [92, 102]; physical aggression [100] or aggres-
sive behaviour [102]; being a bully, being a victim of bully-
ing, or being a bully-victim [97]; being at risk for
emotional problems, peer problems, self-esteem problems,
emotional well-being problems, or social functioning
problems [96]; and co-operation, self-control, assertion,
responsibility, or total social skills [102]. TV time at age
~2.5 years was favourably associated with emotional
reactivity scores after ~3 years of follow-up [102].

In the 7 cross-sectional studies, sedentary behaviour
was assessed as accelerometer-derived total sedentary
time or screen-based (i.e., TV time) sedentary behaviour.
Total sedentary time (accelerometer-derived) was not
cross-sectionally associated with preschoolers’ psycho-
social health indicators (soothability, sociability, or emo-
tionality) [104].

The relationships between TV time and psychosocial
health indicators in toddlers and preschoolers were
examined in six cross-sectional studies; unfavourable as-
sociations were reported in 2/6 studies [101, 103], null
associations in 2/6 studies [100, 106], mixed unfavour-
able and null associations in 1/6 studies [105], and
mixed unfavourable and favourable associations in 1/6
studies [98]. Specifically, TV time was unfavourably
associated with aggression [101], bullying [103], total
externalizing behaviour problems [105], and total be-
haviour problems [105]. Null associations were re-
ported between TV time and emotional symptoms,
conduct problems, peer problems, and prosocial be-
haviour [100], aggression toward a sibling [106], and
internalizing behaviour problems [105]. TV time was
favourably associated with social-emotional compe-
tence in one study [98].

Cognitive development
The relationships between sedentary behaviour and
cognitive development were examined in 25 studies (see
Table 4 and Additional file 2: Table S4) [88, 90, 92, 94,
100, 102, 104, 107–124]. Study designs were: longitu-
dinal (n = 11) [88, 90, 92, 100, 102, 112, 113, 119–122],
case-control (n = 1) [116], and cross-sectional design or
additionally reported cross-sectional findings (n = 16)
[90, 94, 100, 104, 107–111, 114, 115, 117, 118, 121, 123,
124]. Indicators of cognitive development were mea-
sured objectively (e.g., working memory capacity
measured using the Memory for Digit Span test) or
assessed subjectively by parent-report interview or ques-
tionnaire (e.g., receptive vocabulary; see Table 4 for
summary of measures). The quality of evidence was
“very low” across study designs (Table 4).

Among the 11 longitudinal studies, sedentary behav-
iour was assessed from age ~6 months to 5 years as
screen-based (i.e., electronic media exposure and TV
time) or other sedentary behaviours (i.e., frequency of
parents reading). Cognitive development indicators were
assessed after ~8 months to 8 years of follow-up.

For screen-based sedentary behaviours, electronic
media exposure at age ~6 months was unfavourably
associated with the following at age 14 months: cognitive
development, language development, and auditory
comprehension [112]. The relationships between TV



time and cognitive development indicators in toddlers
and preschoolers were examined in 10 longitudinal
studies; unfavourable associations were reported in 5/10



not associated with high blood pressure in preschool
children [126]. No other cardiometabolic biomarkers
were examined.

Fitness
The relationship between sedentary behaviour and fit-
ness in toddlers and preschoolers was examined in two
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